Abstract-In this paper, the design and analysis of a compact coplanar waveguide-fed ultra wideband pentagon antenna are presented. To achieve ultra wideband performance, two modifications are introduced. The first one is to remove a small fan angle on each side of the ground plan, and the second one is to modify the sharp of the patch in the width. The optimal dimensions can be achieved by a parametric analysis. The antenna design exhibits a very wide operating bandwidth of 16.7 GHz with a return loss better than 10 dB in the frequency range from 4.46 GHz to 21.14 GHz. The gain of the proposed antenna is 6.3 dBi. This antenna configuration will be useful for UWB indoor application as it is easy to fabricate and integrate with RF circuitry. All simulations in this work were carried out by using the electromagnetic software CST.
INTRODUCTION
With the explosive growth in the number of wireless communication users and applications, the number of wireless standards has been growing, and the demand for various types of wireless services has been increasing. Telecommunication industry is not the only market that benefits from the advances in wireless technology; healthcare, medical diagnosis, treatment and monitoring systems, automotive production and industrial remote monitoring systems have also considerably gained from improvement of the wireless systems. Consequently, the regulatory agencies, scientists, engineers and wireless product manufacturers are all facing some tough challenges in realizing efficient wireless communication systems.
Ultra-wideband (UWB) technology is one of the most promising solutions for future communication systems due to its high speed data rate and excellent immunity to multi-path interference. UWB antenna design has some challenges including the ultra wide band performance of impedance matching and radiation stability, compact antenna size, and low manufacturing cost for consumer electronics application.
To enhance the bandwidth of a patch antenna, several approaches have been proposed previously, such as using a thick substrate with low dielectric constant and multiple resonators [1] , parasitic patches stacked on the top of the main patch or close to main patch in the same plane [2] , U-shaped slot [3] , Lprobe feeding [4] , lossy materials [5] , a capacitively probe fed structure [6] , a 3-D transition microstrip feed line [7] and a planar monopole antenna fed by a coplanar waveguide (CPW) [8] [9] [10] [11] . Radiating elements patches of printed antennas have a variety of forms, triangular, rectangular, square, elliptical, circular, among others [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
The design of relatively compact, planar monopole antennas based on the microstrip structures has been reported to meet the bandwidth requirement. Indeed, compared to the classical monopole antennas, the planar monopole antennas have a significantly wider bandwidth and similar radiation characteristics. A planar monopole antenna fed by a CPW is proposed to promise the aforementioned impedance bandwidth together with satisfactory radiation characteristics. The CPW-fed planar monopole antenna exploits the CPW configuration to permit easy integration with the monolithic microwave integrated circuits.
In this paper, a CPW-fed pentagon planar ultra-wideband antenna is introduced. In order to obtain ultra wideband performance, some modifications are introduced. Details of the antenna design are discussed and simulation results of the proposed antenna are presented and analyzed. The simulated and measured results show that the proposed antenna presents a very wide impedance bandwidth.
CPW THEORY
A conventional CPW on a dielectric substrate consists of a center strip conductor with semi-infinite ground planes on either side separated by a small gap (Figure 1 ). CPW structures supporting quasi TEM mode have gained great attention in microwave and millimeter wave applications due to uniplanar structure. They are commonly used in Monolithic Microwave Integrated Circuits (MMIC). The CPW transmission lines have lower radiation loss and less dispersion than microstrip lines. Moreover, the characteristic impedance and phase velocity of CPW are less dependent on the substrate height and more dependent on the dimensions in the plane of the conducting surface. Due to this exceptional behavior, CPW structures have been explored a lot for compatible modern wireless communication gadgets.
The quasi-TEM approach and the analytic formulas are important steps in the initial design of a microwave circuit. The output of these formulas is the CPW characteristic impedance and the effective relative permittivity.
The characteristic impedance of a conventional coplanar waveguide structure can be computed using Equation (1) [14, 15] .
where k 1 = w w+2g and K(k 1 ) is the complete elliptic integral of the first kind and K (k 1 ) it's complement. The ratio
can be easily computed using (2) . When taking into account the finite thickness of the substrate, the effective permittivity can be computed with Equation (3) .
where ε r is the relative permittivity of the substrate and
) .
ANTENNA GEOMETRY
In this paper, we have used coplanar waveguide (CPW) to feed the antenna. CPW transmission line is probably the most used for designing microwave circuits for mm-wave applications. It allows for easy fabrication and integration of active devices due to the presence of the center conductor in close proximity of the ground planes [16] [17] [18] [19] . Unlike microstrip, CPW has substantially less losses at frequencies approximately above 20 GHz. This is due to a large proportion of the field existing outside the dielectric. As a result, the dielectric loss is lower and the dispersion of the signal is considerably less.
The first design of the proposed antenna is shown in Figure 2 . In this design, the substrate FR4 is used as it is cheap and easy to fabricate. The substrate height is 1.6 mm, dielectric constant 4.3, and loss tangent 0.02. The antenna parameters are summarized in Table 1 . 
SIMULATED RESULTS AND DISCUSSION
In order to evaluate the performance of the antenna shown in Figure 2 , a simulation study is carried out using CST simulation tool. As shown in Figure 3 , 10 dB return loss was achieved over the two expected wide frequency ranges from 4.48 GHz to 9.1 GHz and from 14 GHz to 16.1 GHz. In order to enhance the performance of this antenna, a parametric study has been carried out and the critical antenna parameter has been obtained. Classifying the parameters does not imply that the effect of each parameter is independent. Depending on the structure's shape and feeding mechanism, various parameters could be involved. However in general, dimensions of the radiator, the ground plane and the feed gap determine the impedance bandwidth.
In the following, we present a study which is performed to determine the effect of each of the bandwidth-enhancement design parameters. The ground plane is considered as part of the antenna and contributes to the radiation. Then, based on the idea to plate the disc one antenna, we examine the effect of a trapeze form ground plane in order to improve the impedance bandwidth ratio [20] [21] [22] . The effect of planar monopole antenna parameters is also studied to obtain a compact structure and to enhance the performance of the bandwidth. Figure 4 shows all studied parameters. The contribution of one parameter at a time is studied while the other parameters are set to their suboptimal values.
Effect of Y a Parameter
First, we study the effect of varying the width of the rectangular ground plane (Y b parameter) as illustrated in Figure 4 . It is observed that increasing Y b parameter from 5.2 mm (identical value of A parameter in Figure 2 ) to the optimal value of 6 mm, the impedance bandwidth can be wider ( Figure 5 ).
Effect of S Parameter
In this paragraph, we study the effect of the S parameter which is related to the width of the planar monopole structure. It is observed in Figure 6 that decreasing this parameter from 8 mm down to 6.5 mm also improves the impedance bandwidth. Effect of trapeze form ground plane on the bandwidth performance is studied by varying Y a and X a parameters. As shown in Figure 7 , it is observed that the optimal values are obtained for Y a equal to 2 mm and X a equal to 5 mm. Consequently, we conclude that the variation in the size of ground plane changes the antenna matching. This phenomenon confirms that the ground plane is part of the antenna.
Effect of S x Parameter
In order to achieve a compact structure, we study, in this paragraph, the effect of the S x parameter. S x is varied from 5 mm to 8 mm while other parameters are fixed to their optimal values. The simulated reflection coefficients curves for different S x parameters are presented in Figure 8 . It is evident from this figure that the end of the band is considerably affected by changing the antenna width, and the first resonance is not significantly affected. The reflection coefficient magnitude is better than 10 dB over the frequency range 4.45 GHz to 21.14 GHz for an S x value of 5 mm. Finally, all optimal parameters of pentagon monopole antenna are summarized in Table 2 . Figure 10 . 3D plot of field pattern shows the gain at each selected frequency. Figure 9 shows the simulated reflection coefficient of the pentagon antenna with optimal parameters. The bandwidth of this antenna increased drastically from 4.41 GHz to 21.14 GHz.
Gain and Radiation Pattern
The antenna gain is varying from 2.49 dBi to 6.39 dBi across the entire bandwidth. Figure 10 shows the 3D plot of the field pattern and the gain value of the proposed antenna at each selected frequency. The E (x-y plane) and H (y-z plane) fields in the figures reveal that at lower frequencies they have nearly perfect omnidirectional radiation patterns, but the radiation pattern degrades sharply at-higher frequencies. The proposed antenna has an acceptable quasi omnidirectional radiation pattern required to receive information signals from all directions.
Fabrication and Measurement
A prototype structure of pentagon antenna is fabricated on FR4 substrate with a relative dielectric constant of 4.3 and a thickness h of 1.58 mm (Figure 11(a) ). In order to measure scattering parameters of the proposed antenna, we have been used a Rohde and Schwarz ZVB 20 vector network analyzer (Figure 11(b) ), which its frequency range is limited to 20 GHz. The reflection coefficient was measured and compared to the simulated results. As can be seen in Figure 11 10 dB. The measured results agree well with the simulated ones but some discrepancies have occurred, due to the fabrication inaccuracy and conditions of measurement. Table 3 presents a comparison between the performance of some recently developed UWB antennas and the proposed antenna. The proposed antenna shows wide impedance bandwidth, compact size, and good gain features.
Comparison between Recently Developed Antennas and the Proposed Antenna

CONCLUSIONS
This paper presents the simulated and experimental results of a printed CPW-fed pentagon antenna. This configuration is shown to substantially enhance the antenna's bandwidth. The proposed antenna shows a very wide bandwidth of 16.7 GHz. In addition to being small in size, the antenna exhibits stable far-field radiation patterns over its operating range and a relatively high gain. Based on these characteristics, the proposed CPW-fed antenna can be used for wideband satellite and wireless communication applications.
